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Introduction 47
Empirical evidence has consistently demonstrated a relationship between social 48 capital and self-rated health (SRH) ( of the association is uncertain. A simple definition of social capital is: the "resources that are 52 accessed by individuals as a result of their membership of a network or a group" (Kawachi 53 and Berkman, 2014). While there is a debate around the conceptualisation of social capital 54 (Kawachi et al., 2004; Poortinga, 2006; Szreter and Woolcock, 2004) most agree that it is 55 multidimensional and that it carries different interpretations depending on who defines it 56
and on their disciplinary traditions. 57
Social capital has been suggested to improve health through norms and attitudes 58 that influence healthy behaviours, and psychosocial networks that increase access to health 59 care and mechanisms that enhance self-esteem (Kawachi et al., 1999; Kawachi and 60 Berkman, 2014; Lindström, 2008). Conversely, social capital can also have a negative impact 61 on health, including the promotion (but also cessation) of risky behaviours (e.g. smoking), 62 exchanging wrong information, the exclusion of 'outsiders', and downward-levelling norms 63 (Burt, 1992 specifically designed for such a purpose (Noble et al., 2004) . It is based on the idea of 77 distinct dimensions of deprivation which can be recognised and measured separately, but 78 combined into an overall score. 79
To measure health in large cohort surveys, it is common that a subjective measure 80 based on self-report is employed, preferably in combination with the use of objective 81 measures. However, the latter may be too expensive to implement in large population 82 surveys. Nevertheless SRH has been shown to have robust associations with "hard" 83 outcomes such as mortality (Barger et al., 2016) . Many international cohort studies have 84 employed measures of SRH collected sequentially over time, including the English 85
Longitudinal Study of Ageing (ELSA) (Steptoe et al., 2013) . However, the primary issue with 86 using such self-reports alone is that different individuals may have different beliefs and 87 perceptions about the concept of health. The comparability of self-reported information can 88 vary across social groups (within countries) or across countries because of: unequal access 89
to medical providers or health information; diagnosis avoidance (inadvertent or intentional 90 avoidance of medical screening/testing); or interpersonal incomparability across groups if 91 they use different reference groups or interpret questions or concepts differently (Burgard 92 and Chen, 2014) . Researchers also usually have little insight as to what individuals are 93 actually thinking of when they assess their health (Au and Johnston, 2014) . Therefore, 94 instead of providing evidence of 'true' health disparities, findings may actually reflect 95 reporting heterogeneity. 96
To help overcome the problems of interpersonal incomparability of subjective 97 measures, such as self-reports, King et al. 2004 proposed a technique using anchoring 98 vignettes (King et al., 2004) . The vignettes were presented as a way to alleviate problems 99 which occur when different groups of participants understand and use the Likert scales for 100 self-reports in different ways (e.g. 1=very bad health to 5=very good health). This 101 heterogeneity in reporting styles is also known as differential item functioning (DIF). 102
Graphically, this problem is illustrated in Figure 1 . Previous research has been conducted 103 into the use of anchoring vignettes to access group differences in SRH (Au and Lorgelly, 104 2014; Grol-Prokopczyk et al., 2015, 2011; Peracchi and Rossetti, 2012; Xu and Xie, 2015), but 105 to our knowledge, only one so far has specifically used the anchoring vignettes technique to 106 improve comparability of SRH and social capital (Chen and Meng, 2015) . 107
As outlined above, studies have demonstrated associations between social capital 108 and SRH. However, these studies did not take into account the possibility of reporting 7 that could be used to represent social capital. trust" matches the concepts of trust and cooperative norms or shared values that shape the 152 way people behave towards each other and as members of society (nine factors; all found in 153 the same section of ELSA questionnaire -local area), [2] "social support" is closely related to 154 the level of resources or support that a person can draw from in their personal relationships 155 (six factors; all in reference to spouse/partner, children, family and friends), and [3] "social 156 networks" incorporates aspects of both "personal relationships" and "civic engagement" (six 157 factors). It includes variables which refer to both the structure and nature of people's 158 personal relationships (number of close relationships, meet ups/communication) and the 159 actions and behaviours that can be seen as contributing positively to the collective life of a 160 community or society (member of an organisation and volunteering Living arrangements were classified into two categories: living alone and qualifications), secondary (higher education but below a degree), and higher (degree or 215 above). Income was included as a continuous variable which was based on the sum of 216 employment, state benefit, state and private pension, asset, and other income; each 217 member of the benefit unit was assigned the total benefit unit level income. The OECD 218 equivalence scale was used (assigned a weight of 1 to the household head, 0.5 to second 219 adults and dependent children aged 14 and over and a weight of 0.3 to children under 14 220 years of age) (39) and total income was scaled by a factor of £1000. 221 222
Statistical methods 223
All statistical analysis was performed using STATA IC V.13.1 (StataCorp, Texas, USA). 224
A standard ordered probit model was used as a baseline model with which we could 225 compare our more flexible specification which does not impose the assumption of reporting 226 homogeneity, to assess the extent to which this assumption biases the estimated health 227
effects. 228
Individuals rated the vignettes describing the hypothetical cases similar to how they 229 rated their own SRH. As they represent fixed levels of health, individual variation in vignette 230 ratings characterise reporting heterogeneity (DIF). This 'external' vignette information can 231 therefore be used to model the cut-points on the Likert scale (which are assumed fixed in 232 the ordered probit model) as functions of the individual's characteristics. These cut-points 233 can then be used to purge reporting heterogeneity from the SRH, making it possible to 234 identify 'true' health effects. This is achieved through the use of a hierarchical probit model 235 Further detailed information on these models can be found elsewhere (Jones et al., 2013) . 243
The reference scale used in the HOPIT approach is arbitrary as it is the group represented by generally older (not statistically significant for social networks), married females. Those with 261 good social networks tended to be highly educated (P<0.01) whereas the opposite was seen 12 in those with good social support (P<0.001). As for health behaviours, those with low local 263 area & trust social capital and good social networks tended to be non-smokers (P=0.01 and 264 P<0.001, respectively). Those with good social networks were more likely to be drinkers 265 (P=0.02). Those with high local area & trust social capital and good social networks reported 266 higher physical activity (P=0.05 and P<0.001, respectively). Individuals with high social 267
capital in any of the dimensions reported better sleep (borderline statistically significant for 268 social networks, P=0.06). Those with high social capital in any of the dimensions also rated 269 their SRH higher. Individuals who were least deprived tended to be married and more highly 270 educated (both P<0.001). They tended not to be current smokers but drank alcohol more 271 frequently (both P<0.001). However, they were more physically active (P<0.001) and 272 reported better sleep (P<0.01). They rate their own SRH higher than the most deprived. 273 Table 2 compares the estimated coefficients in the latent health index implied by the 274 different specifications of the ordered probit model and HOPIT. Two different models are 275 shown: Model 1 includes all our dimensions of social capital (local area and trust, social 276 support and social networks) and deprivation simultaneously with age and sex, and Model 2 277 is similar to Model 1 except it also includes the sociodemographic and health behaviours. A 278 model including only one dimension of social capital (e.g. social support only) or deprivation 279 at a time, along with age and sex and the vignette dummies was also derived, though the 280 results were similar to those seen in model 1 (data not shown). For direct comparisons to be 281 made between the two specifications, the scale of the estimated sigma in the HOPIT needs 282 to be close to 1 because the scale in the ordered probit is normalised to 1, while it is 283 estimated (up to the normalisation of scale in the vignette component) in the HOPIT. The 284 estimated sigma in this analysis for model 1 was 1.16, but was 1.02 in model 2. Therefore, 285 making direct comparisons between the two specifications in the fully adjusted model 286 (model 2) is not problematic, but caution needs to be taken when making direct 287 comparisons between the two specifications in model 1. Thus, the following results are in 288 reference to model 2. The ordered probit is the most restricted specification that disregards 289 any reporting heterogeneity. Individuals expressing low local area & trust social capital (beta 290 = -0.243, p <0.001) and those with poor social networks (beta = -0.210, p <0.01) were more 291 likely to report poorer SRH. These findings remained evident when allowing for non-parallel and HOPIT models (beta = -0.261, p <0.001). The age categories were negatively associated 305 with SRH (model 2) and these effects remained non-significant, except for age 70-79 which 306 became statistically significant when reporting heterogeneity was accounted for (beta = -307 0.185, p <0.05). 308 Table S2 in the Online Supplementary Material compares the estimated coefficients 309 of the ordered probit model and HOPIT for each of the six domains of health that were also 310 asked in the self-completion questionnaire. The same covariates used in Model 2, Table 2  311 were used. Overall, these individual results align well with our main analysis using SRH to 312 represent an overall indicator of general health; the negative effect of low social capital is 313 greater for the majority of the six health domains and all three measures of social capital 314 when reporting heterogeneity is accounted for. Post-estimation tests between the betas for 315 social capital in the ordered probit versus the HOPIT models were statistically significant at 316 the 5% level across three domains of health and statistically significant at the 10% level 317 across four domains (emboldened in Table S2 ). 318
The response scales inferred from vignette classifications made by respondents of 319 high and low social capital within each of our three dimensions, and deprivation, can be 320 useful to researchers who rely on self-reported measures. Table S3 in Table S2 and differ mainly from the 345 second graph at the threshold good vs. very good health. For example, when the scales 346 inferred for the groups with poor social networks were used, the predicted distributions 347 were more concentrated at the category "very good health", consistent with Model 2, Table  348 S2. They have a lower threshold to what constitutes very good health compared to those 349 with good social networks. Therefore, it was felt that this set of six health domains covered by the vignettes would be 366 sufficiently exhaustive to capture the most common dimensions of SRH in our main analysis. 367
What our results show is that low local area & trust and poor social networks are 368 associated with poorer SRH in HOPIT models accounting for reporting heterogeneity, but 369 while ordered probit analyses still correctly show a negative relationship between these 370 social capital dimensions and SRH, they somewhat underestimate its strength. Moreover, 371 our simulations illustrate the potential magnitude of reporting heterogeneity in estimating 372 the distribution of SRH by demonstrating the impact of different response scales. In 373 particular, the distribution at the cut-point good vs. very good health tended to differ 374 (across social capital and deprivation categories) after applying a HOPIT correction for self-375
reporting heterogeneity and reclassifying all responses in accordance with the chosen scale. 376
Also, the bad and very bad self-reported health distribution was greatly diminished after 377 applying the HOPIT correction and reclassification. Our analysis highlights the caution that 378 needs exercised when using unadjusted self-reported measures to study the effects of social 379 capital and deprivation on health. and we may not have been able to fully separate their effects. Therefore, caution is 415 warranted when interpreting our findings for deprivation, especially as the data is cross-416 sectional in nature. 417
We originally hypothesised that relying on SRH alone without accounting for 418 reporting heterogeneity would underestimate the detrimental effect of low social capital on 419 SRH. Unadjusted ordered probit analyses still correctly demonstrated a negative 420 relationship between some of the social capital dimensions and SRH, though they somewhat 421 underestimated its strength (Table 2) . It was also hypothesised that those with low social 422 capital might use lower response thresholds for what constitutes a health problem when 423 responding to the hypothetical vignettes (Table S3 ). Our simulations illustrate the impact of 424 these response thresholds on standard measures of SRH when reclassifying all responses in 425 accordance with high and low social capital (for each dimension) and deprivation. 426
Overall, this study demonstrates the importance of accounting for reporting 427 heterogeneity when conducting comparative studies, either between sub-groups or across measures, which were not collected at Wave 3 of ELSA. Additionally, as with SRH, there may 456 be reporting heterogeneity in the social capital variables, but to our knowledge no 457 nationally representative study, including ELSA, has developed social capital vignettes. 458
Therefore, we could not take into account reporting heterogeneity in these measures. 459
However, the present study is a first step towards a better understanding of the effects of 1.01 a Excludes those aged <50 years, did not participate in health self-completion questionnaire (no vignette responses) ) or no self-rated health reported b High = top quintile of factor-analysis score for social capital dimension; Low = bottom quintile of factor-analysis score for social capital dimension c Least = bottom quintile of IMD2004; Most = top quintile of IMD2004 d Basic = no/basic qualifications; Secondary = higher education but below a degree; Higher = degree or above e Low/moderate = 2 times per week or less; High = 3+ times per week; Abstainer = no times in previous 12 months f Five-point Likert scale (1 = very bad/extreme problems to 5 = very good/no problems) 
